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ON THE MECHANICAL GENESIS OF TOOTH-FORMS. 

BY JNO. A. RYDER. 

During a study of the osteology of the mammalia, the views 
herein advanced were first conceived as a rational explanation of 
the origin of the shapes of dental structures, as they exist in the 
different groups. More mature deliberation has only served to 
strengthen the conviction that the inquiry is in the right direction, 
since no body of facts with which I am acquainted are more beau-’ 
tifully and intimately interrelated than those which I have here so 
imperfectly presented. It is hoped that a better appreciation of 
what might, without violence to commonly received ideas, be 
called evolutional teleolog}’, may be attained by pursuit of similar 
inquiries in other directions. 1 This attempt to unravel a portion 
of the complex interrelations of the parts of organic- beings, so as 
to show how their metamorphoses tnay be effected by mechanical 
means, it is believed, may not strike the mind of the reader as 
altogether futile, nor the title as quite so presumptuous, as would 
at first appear, after all the facts have been weighed. The inter- 
pretation of the rationale of the differentiation of structures in a 
mechanical way is not entirety new, since Lamarck, in his “ Phi- 
losophic Zoologique (1809), and latterly Mr. Spencer, with greater 
philosophical grasp, have both shown that efforts exerted to over- 
come resistances are retroactive and induce modifications in the 
parts of organisms. 2 

1 Am. Naturalist, 1877, p. G03. Nature, vol. 17, 1877, p. 128. 

2 It may be observed here that the nomenclature of tooth-forms adopted 
throughout is that proposed by Prof. E. D. Cope in his memoir, entitled 
“ On the Homologies and Origin of the Types of Molar Teeth of Mammalia 
Edueabilia (Journ. Aead. Nat. Sci., Philada. 1874). The names are not 
intended as characterizing groups or orders in the system, but rather as 
distinguishing distinct classes of teeth, which may exist in the same or 
nearly the same form in several distinct orders or families of the class. The 
definitions of terms remain the same, except those of the words isognathous 
and anisognathous , which I use so as not only to indicate respectively 
parity and disparity in transverse diameter of the crowns of the upper and 
lower molars, but also the parity or disparity in width transversely, from 
outside to outside, over both maxillaries, including the bony palate and the 
width across both rami of the submaxillary. This additional signification 
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Tooth-form* ami Jaw-movements of the Groups. — It may be 
stated in general terms that the primates are bunodont and rela- 
tively isognathous, consequently the lateral movement is limited. 
This type of dentition is affirmed to be generalized, or, in other 
words, to be present in several diverse groups; first occurring 
in earlier forms and in the young of many, previous to or during 
the protrusion of the teeth from the gum, prior to or about the 
time they become functional. Man is usually^n ot perfectly isog- 
nathous, the nearest approaches to it that I have observed were 
in the skulls of a Slavonian and an Anglo-Saxon. Gtjnopithecus 
and Macacus arc anisognathous, and the South American howler 
monkeys and marmorcts even more so. The American primates 
seem to present the anisognathous extreme, and the Old World 
forms the isognathous. Another fact of interest here is the shape 
of the glenoid cavity’. In the gorilla it is more like man’s than 
in any primate I have examined; deeply excavated transversely, 
with a prominent transverse ridge bordering the excavation ante- 
riorly. This form of glenoid cavity entirely disappears in the 
howlers, in which it is a comparatively plane surface; the superior 
surface also of the condyle is flattened and expanded transversely, 
as in selenodont ungulates, which agrees with the presence of the 
rudimentary crescentic cusps and the anisognatliism. The chim- 
panzee has a relatively plane glenoid surface, and in man the 
depth of the exeavation of the cavity’ is greater even in the Aus- 
tralian, the lowest modern type of human skulls. 

The dentition of Ferae is bunadont, usually’ somewhat anisogna- 
thous, the tubercles arc laterally compressed, with edges so sharp 
as to constitute a very effective apparatus for cutting the tough 
tendons, ligaments, and bones of their prey’. The mandibular 
articulation is the most perfectly ginglymoid in the class, and 
hence also admits of the least lateral movement. All the lateral 
movement observable is that which is effected by the lateral 
sliding of the cylindroid condyles in the glenoid cavities; the 
e fleet is, however, widely’ different from the lateral movement ob- 
served in ungulates. In these the distal end of the mandible 
moves through the greatest space, while in Ferae all points of the 



slightly’ changes the proposed grouping in the memoir referred to, but it 
also lias the greater advantage of making words already in use serviceable 
and analogous in meaning to prognathous und orthognaihous, as first used 
by’ Ketzius in craniography\ 
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jaw in sliding sidewise pass through the same distance. A few 
of the group retain the. simple haplodont type of tooth, e. </., Poa- 
ma?'iis. 

The passage from the archetypal bnnodont tooth to the scissors- 
like (earnassial) sectorial arrangement is plainly exhibited, by se- 
lecting a series beginning with Ursidi f, and continuing with Am- 
phicyon , Procyonidne , Melinse , Cercoleptc s, JHustelidve, etc., and 
ending with the Felidve, as the extreme of specialization. 

Amongst the Unyulata , the most conclusive evidence is found 
in confirmation of the law of dental modification here enunciated. 
The numerous living and extinct species present a remarkable 
chain of dental forms, gradually departing from the bnnodont 
type, and passing into the excessively modified selenodont, ac- 
companied with increased mobility of the mandible in a lateral 
direction and increased anisognathism. 

The Toxodontia present a ptychodont t} T pe of dentition, are 
very anisognathous, and the condyles approach in form those of 
the selenodont ungulates; they in all probability moved their jaws 
laterally. The enamel patterns are reversed in opposite series. 

The Hyracoidean dentition is ta pi rod out, with an apparent 
tendency towards the selenodont,. anisognathous with condyles 
transversely expanded, which maybe regarded in connection with 
the truncate crowns of the molars and plane condyles as evidence 
of extensive lateral movement. 

The Proboscidea are regarded as trichecodont, a careful exami- 
nation, however, reveals that the inner tubercles above and the 
outer ones of the inferior molars of some 
of the extinct forms ( Trilophodon and 
Tetralopliodori) were slightly selenodont 
(Fig. 1), anisognathous; molars tubercu- 
late, in few cross crests; condyles more 
like that of selenodont ungulates, with 
lateral motion. In Elephas and Loxo- 
don the jaw-moveinent is from behind 
forwards; condyles more rodent-like, 
isognathous; molars with flat crowns; tu- 
bercles becoming obsolete from wear, and blended into numerous 
transverse plates. 

The Sirenia are trichecodont and bnnodont. The trichecodont 
form ( Manatus ) seems to have some lateral motion, as there is 
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Ri”lit upper iuolor of Mastodon. 
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some degree of anisoguathism. The teeth of the Dugong when 
young are bunodont, as is shown b} T a specimen in the collection 
of the Academy. 

The toothed cetaceans have a type of dentition more or less 
nearly haplodont {Zeuglodon presents two rooted molars and 
premolars, with a simple, compressed serrated crown). 

The J lysticete are without true teeth, jaws greatly modified, 
rami separate, keratose lamina? (baleen) and surrounding soft 
parts acting as a prehensile apparatus in connection with the 
movement of the creature through the water. 

In the insectivorous group Chiroplera 1 the dentition ap- 
proaches, in some respects, that designated as symborodont. It 
is anisognathous, but differs in the bats from the symborodont 
great 1}’ in the manner in which the teeth of opposite series fit into 
each other; it is also met with in nearly as marked a form in some 
marsupials (Didelp/nj, s*),and in Insectivora ( Talpidse , etc.). The 
anterior V-like cusp of the inferior molar series is longer than 
the posterior, the former fits into an acute or triangular space 
partiall} 7 separating the upper molars on the inside, the latter fits 



1 The following tables are of interest as exhibiting a gradual reduction of 
molars and premolars in this group. They are taken from an abstract of 
an elaborate paper by W. Leclie in Weigmann'* Archie f. Nat urges, xliii., 
Pt. a, 1S77, 333. I have not seen the original in Lund's Universitets Ars- 
skrift, tome xii., 187G : — 

I. Showing gradual loss of posterior molars in the Phyllostomata and 
Desmodina — 



Brachyphylla , • 
Sturnira , etc., 
Artibeus, 
Chirodenna , 
Pygoderma y 
Diphylla , 
JJesmodus , J 



m. | (fully developed upper 3d m.). 
m. | (rudimentary upper 3d in.), 
m. I 

pm. I m. \ (fully developed upper 2d in.), 
in. \ (rudimentary upper 2d in.), 
m. J. 

m -9. 



II. Showing gradual loss of middle premolars in the Vespertilio series- 

3 / pm. 1 2 + 3\ 



Vespertilio, pm. * f ' ’ ~ !\,)\ 
Pic coins, 

Vespcrugo, pm. \ ^ 

Vesper us. 



pm. I (P 111, 1 

Vpm. 1 + 2-1 - 3 / ( 



pm. 1 + 3\ 
pm. 1 + 3/ 

pm. ?. " \ 

“Vpm. 1 + 3/ 
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into a similar space or groove, between the Y-like cusps of the 
upper molars. The eondyles are elongated transversely and 
somewhat ginglymoid in respect to articulation, and do not admit 
of much lateral movement. 

The foregoing remarks render further notice of the dentition of 
Inseciivora unnecessaiy, or see St. G. Yivart’s papers . 1 

Amongst Rodents a greater variety of dental forms is to be 
found than in any other order of the class with the exception of 
the marsupials; frequently haplodont, ptyehodont, or bunodont, 
and, sometimes, even approaching the selenodont form. It is 
very likely that the very common opposite arrangement of the 
folds of enamel in the opposite series has had the same origin as 
those in the selenodont system. In many species the dentition is 
peculiar, and has no parallel in other orders. What is now re- 
ferred to is the curious pattern met with in such genera as Artn- 
cola , Fiber , and Neotoma , where the figure formed by the enamel 
covering of the triangular dentine columns stands reversed in 
respect to those of their fellows of the opposing series. The 
various grades of anisognathism and isognathism here find their 
fullest expression; indeed, the multiformity in this and other 
features is such as to be worthy of more extended study than can 
be devoted to them without a complete collection of jaws and 
teeth of recent and fossil speeies. 

The dental system of Brutci is usually haplodont, though in the 
extinet Hoplophoridse and Mylodontidse , it was ptyehodont in 
form, but not in structure, sinee there was no enamel to be folded. 
In the former group ( Ghjptodon ) the teeth were inclined forwards 
in the lower series, and backwards above, as observed in Arvico- 
line rodents, which with their form in section gives us a hint as, 
to the origin of that form. 

The marsupials, other than the insectivorous ones, present the- 
trieheeodont and a type simulating the selenodont in Phascolomys .. 
A remarkable form is observed in Slereognathus , as described by 
Owen, where ihe erescentoid middle tubercles have the convex 
side directed backwards, and the eoncave forwards in the molars 
of the mandibles, which arrangement, as he observes, is not found 
in any other living or extinct species of mammal. 

1 Journ. of Anat. and Physiology, vol. i., 1867, pp. 280-312; lb. vol. 
ii. pp. 117-154. 
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Differentiation of Dental Systems . — By what Professor Cope 
calls synthesis of repetition , 1 the origin of the various types 
of mammalian dentition is rationally accounted for, by sup- 
posing an additional modicum of growth force as duplicating 
the primitive dental body, in lateral, longitudinal, or oblique 
directions. In all the ruminating ungulates the repetition of 
tubercular structures is now tending to take place on those 
sides of the teeth most subject to the severe impacts incident 
to mastication, as is shown by the appearance of rudimentary 
tubercles (cingules) upon the outside of the molar teeth in the 
mandible, and upon the inside in the molars of the maxillary. 
Another kind of differentiation has taken place in the incisors of 
the horse, as I have attempted to show in a previous paper , 2 where 
the duplication has taken place from the posterior side, in accord- 
ance with the general^ pre valent acceleration going on in the whole 
dental system, and to account for which I cannot forbear suggest- 
ing that the severe wear to which these structures have been so 
long subject, together with the peculiarities of mandibular motion, 
have conspired to produce the following changes: the elongation 
of the teeth, their consequently deeper implantation in the mandi- 
ble, and the fusion of the fangs or roots into the simple, persistently 
growing, rootless columns. This gradual elongation and fusion 
of the roots of the teeth is well seen in the series of horses' teeth 
which Prof. Huxley presents in his third lecture in New York. 
There are also instances amongst Artiodactyls, the great Edentata 
( Megatherium ), many herbivorous rodents, elephants, etc., in all 
of which it is noticed that the later forms are invariably possessed 
of the longest teeth growing from more or less distinctly persist- 
ent pulps, or some arrangement which is equivalent. These 
forms with the long molars have almost invariably been herb- 
ivorous with lateral motion of the mandible, while the short 
unmodified tubercular form of molar tooth with fangs lias been 
preserved in those types in which the food was already pre- 

1 Proc. Am. Philos. Soc., 1871, p. 242. 

2 Proc. Acad. Nut. Sci., Phila. 1877, p. 152. I have since observed an 
instance in an incisor of Ct/nojdthccus, where the prominent cingulum on 
the posterior face of the tooth came very near being functional, so as to 
inclose an area homologous with the “mark” or cul-de-sac in the incisors 
of the horse, proving conclusively to my mind that such has been the origin 
of the complex incision of tin* latter animal. 



